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Renesrch leading Toward the Development of Selested

Methods £6 Produce Sodium Perchlernte Without the Use of Platimum
(Project Number MR 352-304/2~1-52; Contract Number NONR-807(00)).

Sodiun Perchlorate;
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To invastigate methode for production of modium perchlorats without the
use of platinmum; to include, but not nessssarily be Limited to, the following:

(1) The mse of anodes comprising silicon~-zilicon carbids

(2) The use of lead dioxide coated anodes

(3) The disproportionation of sodium chlorate in acid solution
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1.  This report covérs the work dons during tha months of Jamury, Tebrusry
snd Merch, 1953, under Contract NONR-807(00) which calls for ressarch on
selacted methods as recommended by Project KR 352.304/2-1-52, o prodice
scdium perchiorate without the ume of platinum,

- , 0 .
2, To date, no satisfactory silicon-silicon carbide composition has heen
found for use as anode materisl in the chlorate-psrchlorate cell,

3+ Most of the Corborundum Company anode samples have shown the spalling
or polarization characteristic found before, and a few samplas sxhibited
rapid erosion as reported in Project MR 352-304/2-2-52.

%,  The extruded Durhy #2 composition quenched in molten lead and the 90%
#ilicon-10% ailicon carbide composition, previocusly reported ss promising
(Projact NR 352+304/2-1-~52), were investigated further and were found un-
satisfactory after o few hours of cperation. .

5. The followinz caleined materials impregnated with silicony mtempered
Nasonlte board, Homasote and Compreg, wers found to oparate at a low voltage
and fo make perchlorate at a fair current efficiency. However, after a
few hours of opsration thess spacimens slowly polarized.

6. Certain of the non-eroding silicon-silicon carbide compositions show pro-
mise as base materials for massive lead dioxids plxtes.

Land Dioxlde

7. Massive lead dioxide slactrodess have been successfully electroformed from
a lead nitrate plating bath in shapes and sizes suitmble for uzs in the
chlorats~psrchlorate csll.

8. (Tantalum has been the most satizfactory bass material used to date for the
aloctrodeposition of lend dioxide, minca it is not eroded by chlorats-per-
chlorats cell elactrolyte, which is abls to smeep through porss of aven
massive lead dloxide.
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9. Metals such as nickel, Monsl, copper and iron, when used as bases for lead
dioxide dsposits, are rapldly eroded in the chlorate-perchlorats csll.

10. Synthetlc magnaetite, silicon and Durhy materials had shown some promise
as lead dioxide hase materials in provious preliminary tasts.

11, Massive lasd dioxids anodes have been tested in the chlarate-perchlorate
coll at 3 to 10 amperes for periods of up to 27 days with no fallures and

1ittle or no arosion.

-

12, Massive lead dioxide anodes at a current density of O.1 amp/cmz operatad
at a cwrrent sfficlency of 50 percent in the sodium chlorate concentration

rangs of 600 to 100 g./1. A% 0.2 amp, / cn?, the current efficiency rose to
from 65 %o 70 percent.
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13+ Use of the tantalum base as current carrier to the lead dfoxide in

ths chlorats-perohlorate cell resulied in anods heating with even
. moderate currents. :

1,  The use of matel Tressure plates and clamps as current contacts ] 3.
agningt the lead dioxide proved inadequate in preventing heating in LN
the contact ares. LR

15. The most satisfastory current contact consisted of massive lead dioxide R 1
rlated over a base aszambly compossd of nicksl wirs wound around or 4 L
otherwise attached to the uppsr end of tsntalum rod, plate or sareen. ’ '
The fres ends of the nickel wirs then served to ocarry the cwrrent inte

the lead dioxids in the chlorats-psrchlorate aell. The upper end of
the lead dloxide anode containing the niokel wire is above the sodiuvm

chlorate elactrolyte. (See Xo, 8).
16,  Anodixed lead tubing was rapidly eroded in the chlarate-perchlarate cell.
The following anods materials were found to be satisfactory in ths work
done in 1951 and 1952 tantalux carbide containing 174 platinum by weight;

the mineral piattnerite, and naturally occurring massive lead dioxide;
and platimm~plated tantalum sheat.

@ 18, les of bearing materials {(carbon impresnated with various metals),
silicon ferrite, impervious grsphitse, natural graphite, gold and silver

wers found to erods rapidly.

19, Nanganite (Mug04'Hx0) showed very 1ittls erosion.
20, A nickel ferrite boule showed no uppreciable erosion, Yut econversion

. R - P A g
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17.
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of chlorats to parchlorate was very low. F
21, Polished plate zlass lﬁpln with a conductive film on ons aide failed f
-, mplm. . ; ;_f |
- - 32l
22. 0f three differsnt samples of tin oxids blocks, one showed no apprsciable E i
. erosion with operation at about 508 current sfficiency. : %
23. Samplas of condusiing glasses and refractoriss either aroded or aperated =18
. at a very high call voltage. Y
2,  Samplss of preswed and fired mixtwres of lesad dioxids and magnetlte showed g
o oonuiderable mechanical disintegration. !
L 25, Several thousand minarals vers tested for sleckrical conduativity., A few
3 of the more condnctiwve ones have baen selecied for testing, and when these ¢ § i
L tests have been evaluated, & oritiosl selestion will be made from the 1
gy original list of conduebing minerals. f i
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1. Xo ancde material has been found to date that worke as well as plabimin -
for the produstion of porshlorates.

2. A1) siliconmsilicon carblde compositions tested to date are unsatisfactory
as anoda materlals.

3. Masolve lead dioxide generatas psrchlorate at high current efficlency and
with very llttle erosion.

k, Considerable progress has been made in overcoming the greatest deterrent
tc the use of lead dioxide elsctrodes, which is the lack of a good eleo~
trical contsct between the lead dioxide and the current lead of the chlorat
perchlorate cell. :

5, Mors work is necessary on the current contact problem before massive lead

dioxids can be used in commercial size cells,
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REQOMMYNDATIONS

It is recommanded that:

. Tanting of silicon-8ilicon ecarbide componitions as anode materials
be curtailed,

2. Increassd emphasis be placed on devsloping the massive lead dloxide
mo&ea

3. Testing of miscellansous anode materials continue.
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The anode waierials submitted to Pennsalt for testing by the
Research and Davelopment Division of the Carborundum Company
consisted primarily of compositions of silicon and silicon
earbids. These compositions have heen given the trademark name
"Durhy? by the Carborundum Company. Tue general methoeds of form~
ing these msterials wers followed:

() CGold Tressing s mixture of silicon and silicon carbide fol- a4
lowad by sintering in a protective atwosphers. Yariations g il
in these compositions were mads by changing the silicon-sili- : §
con carbide ratio and also by combining addition agents in
the mix bafore pressing. This product is designated Durhy #.

i
%
]
{
:
i
j
(b) Imregnation of a carbonaceous body with silicon metal by :
placing ths body into a bath of mumerhsated molten.sillcon i
metal. The silicon metal impregnated the caxrbonacecus body H
and reactad with 1% to form sillcon carbide, resulting ina ¥
. , vody wiome compononts are slililcon earbide, silicon and soms il

fras carbon. This material is called Durhy #2. Variations =

in compositions in ths Durhy melarial vere made by additives T
to the silicon metal and by forming carbon bhodies from dif- :
fTeroant materials by carbonixation. 3
;
3
i
%
i
5
3
k:
3
K
;

Some anodee were treated thermally, chemically and physically fo

produce variations in surface and internal structurss (1)

. i !' | |
ard 1952 Projagt JR 352-30%/2=152, :

In 1951 soreening tests and the operation of & 10 ampere csll
showed that Durhy $2 (siliconesilicon earbvide miztures) produced
perchlorate with 1ittle or no normal surfacs srosiony hovever
this material was always seriously dameged by cracking and shate
tering upon slectrolysis. This effect was particularly noticeabls
at the top level of the electrolyte. With Durhy #1, polarisation
of the ancde rapidly occurred. )

.;....o-‘?. BN -

-

In 1952, 52 samples representing 2 different kinds of materisls
were obtained from Carberundum Company under the Pennsalt-Carbore &
wdun conkract agreemont. After tosting as anodes in the chlorate- § -
perchlorate csll, most of thess samples agsin showed the sprlling
or pelarization characteristic found before, and s fow samplas
exhibitad rapid srosion. However, san axiruded Durhy #2 composie
$ion quenched in molten léad, and m 90% silioon-10% silicon oarbide
composition showed suffisient promise to be investigated further
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(See Werk Done in 195%)s Tp o thn ond of 1952 no -tilfuury"
silioommsilicon sarblas composibion for use as anods in ths
phloratewparohlorate. osll had bain *ezma.

3+ Nazk Done dn. 2953

During the mm from Jaauary :Lalt %0 Msxeh Jlst, Aabout 200 |
samples Teproésenting atout 80 different kinds of materials wers
Teceived from tha Oarborundum Company and tested in a -:J,l ‘
Yeaker~iype chlmt»porchlwa.tn asll.

In swamary, 1% was found that thexe ntariau showed @ongimbu .
improvemsnt over thowe tested previcusly in that sevtsin types
polarized far less yapidly {hen hefors, and oﬂwrs operated st ;
low ocell voliage, making perchlorats for s considerable length of
tims bofors nxploding or apalling, The f;ruﬂ.lm mteriale found
were: oalcined, untempersd Masonite, talcined Hommsote and uJ.-
cined Comprag, all lmpregnated with silicon.

The Darky $2 quenched in molten lesd Jas been eliminated from
furiher concideration (Ses Work Done in 1952), sinoe the residual
lead content was shown to saccount for jis sarly quiet operatiion,
Aftexr the lead is eroded away, the quanchad sleatrodes hehave
1iks unqusnched Durhy #2, No further work is contezplated with
these lsad gquenched Trurhy $2 compositions because of their explod-
- Ang m spelling characteristic after ibair lead conisnt has been
ren

.
0

To date no entirely satisfactory silicon-siliocon earbids somposi-
tion has been found for use as anode matsrial in the chlerate-per-
chlorats gell.

The detailad tests of siliconesilicon carbide materials (*) fer
1952 and 19%3 ars shown in the following tables sccarding to she.
different categories given by the Carboruntim Companys

TR SRV e P TS _, N ;
Q;h vﬁ ;‘l&;t;xﬁ_mt",ﬁn'af R ERTE IR 22T 3 AN L o bt o I A S A3 M'mmwmwnuunus*mr«mq

Xa. Saaory
B} B 1 Cold pressed and singered §1-SiC series 4
2 Silicon alloy impregastion
2 Yariations in oarton basex 4]
i Heating and guenching treatnsnis 3
5 Swisce treatments, chemiael and physioal, mcl a,t-osphnrn )
oo 6  Impregnants {other than silicon) and eoatings 5]
Y 7  Oast silisen i
L R 8  Variations in physiosl dimensions :
RN N 9 Contad graphits er osrdon g
X 4 ;,QI{‘ 10 Miscellaneons | | B
‘ 1 '«.\ . ¥ % |
E *r:?‘ m-u mé: seterisle were tasted in wwall benker $ypegells i
% (500 w1) each wquippsd with & glsss ceoling soil, 3By cirenle i
T X N xing Wp wter throuzh the glass cooling coll, the sodium shlorais ||
[y ’({ elaokrolyte (600g/1) was kept at & Sempexrsture of ahouy: 12%0. . Y
-~ =8 6O < stainless steel oathodes vere used, being held in place by a Pilsxi i
S o glax poll 144, Whenever possible, four to six oells were operated | il
L ( - in iwiu. ”
(%) Jhch mplo wag nm‘aurad. conmcutinly with {ha m’ugory nusber Ak & ii ’
o prafixs o 9 - my
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The silicon~silicon cerbide compositions £ired in an aimosphere
of carbon monoxide either gawe very little erosion or na érosion
at all and no spalling, A few very smsll exploalons vere o0b-
served with some samples. Similar compositiong fired in s helium
atmosphere hehaved like the carbon monoxide treated compositions
with vary 1ittle erosion and no explosiona., The ¢sll yoliage
seenmad to inerease ahout three times faster with thelslium
traated compositions than with the carbon monoxide treaited ones

(Ses Migure 1). Thus it sppears that the carbon monoxide has a
beneficial effect.

However, the high specific resistivity and polarization charace-
terixtic of thass materials eliminates them from consideration.

The heta silicon carbide, silicon and carbon mixture (No. 1-33)
and the silicon, siliscon carbids and manganeze dioxide mixture
(No, 1=31) eroded very rapidly (Table I).

- S (2]

All the anode samples in this group exploded, causing early and
complete failure of the anode (ses Table II).

Latocory No. 3 - Variations in Carbon Basos

0f thiz group, samples of calcined untempered Masonite bhoard,
impregnated with silicon (No. 3-7) behaved well, cperating with
no oxplosions and no erosion at about 30% current efficiency.
Howaver, there was & gradual increase in sall voltage.

The following calcined materials impregnated with silicon behaved
ag follows: Wood dowsling, no noticeadble erosion, rapid polarisza-
tion; bamboo, erosion with ons sample finally breaking off at
slectrolyte level, about 60% current efficiency; Homasote, slow
polarization, & fow sxplosiong blew off soms particles of anode
materisly manila rops, low polarization, falled by breaking off
at slesctrolyte level; sash cord, slow polarization, erosiony
Compregz, no srosion, cracked at elactrolyte level; malling tube,
srosion observed; and hardwood charcoal, explosions and heavy
eroslon noted.

All of the porous carbon and graphite samples Impregnated with
silicon erodsd rapidly with no cell exploslonm.

The Durhy mabteriasl made by siliconizing a carbon body formed by
extruding a mixture of wheat flour and carbon powder showed
severe spalling. Also the Durhy material made by miliconizing
a carbon body formed by casting polarized and showed alight
spalling (see Table III),
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As mey be seen from Meble IV, all the samples of Durhy #2 given
herting op quenching treatmants cperated with explosions, either
oznaing obunks of anode material to fall off or csusing the anods | 1
saxple 4o blow apert, sxoept the sxtrudsd Durky #2 quenched in w2l
molten Lend from 135090, (No. &6}, , . 1

This lesd quenched Durhy $2 bshaved favorably, operating at low
cell voliage for 14e5 hours with some srosion of the lesd from
the sample as avidsnged by the ninddy aoclor of the elsstrolyte,
At the end of this period thers was an explosion, blewing off
ons large plsce of anoda. ‘When the lead was removed from the
sauple by soaking in 358 nitric acid for 3 days, it behaved 1ike
Durhy #2 with froqusnt explosions, Thus it seems that the leed
content of the original sample was responsible for the fayorable
behavior of this lead quenched Durhy #2 (mes Table IV): _

Alzoxpharas,

Durhy #2 samples trested by an aqueous HI-HN05 mixiwre, by an
agusous EF solution and by a caustic solubion showed rapid swrface
srosion and spalling. Xo axplosions were cheerved.

Glokar hsating sscticns, treated by aguecus EF and by nitric
acid eroded appreciably partisularly at the elscirolyis level
with the sawples £inally bresking off at this point.

Rxtruded Durhy #2 tussled in $1C grain and also in Alx0s grain
operated with s svare wpalling and numerous explosions in the eell.

Decarbonized Durky #2 polarized as Aid & sample of Dwrhy sw'face-.
smoothed with & dismond alwel, The latter sample also showed

slight spalling (xee Table 7).

QL R,

The Globar heating sections impregnated with furfural (¥o. 6-1),
with linsesd 0il (No. 6..3)s with silicons water repellank (¥o. 68

Y .':w.f:&mfxgﬂgsw.:a\-\x«gﬂﬁs—m DB R AR R R K SR A NTEIMAIIE Y K £ IR N, S B A EA Y b F b
et e i e ":.,’:»:. , = o ) i 9“ Y Bk, M' el P F 't

o and with paxraffin (¥o. 6-7) cpsrated at too high a cell voliage
L ; to be connidersd practical. .
. o The Durby #2 smxples Smpreguated with linssed odl (No. &), with.
" silicons water vepsllant (Wo. 6<6) and with paratfin (¥o. 6-8)

oparated quietly at first in combrast %o $heir usual behayior bus
artig:' :, few hours the customary spalling and explosions wexe
svident.

“ A Globex heating elament, coated with platimm (Wo. 6-2) oparated
" with the oell voliage inoreasing rapidly after oms:desFof eleciro-
e lynis and with a sligh¥ erosion of anode surface (see Table VI).
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Satemory No. 7 - Cant Silison

A gast silicon metal rod (No. 7=1) polarized almost immediatsely.
A rod of cast silicon metal that had been melied in & helium at-
mosphere (No. 7-2) behaved similarly, showing no erosion but
polarizing rather rapidly (see Table VII).

A sample of thrse thlckmesses of Masonite, welded together by
impregnstion with silicon {No. 8-2) failed because the individual

layers ssparated (zea Table VII).

Saiezory No, 9 - Costed Graphite or Carbony

Graphite rods coated with silicon carbide crystals (No. 9-1)
eroded through the 510 coating, and then there was severs erosion
of the graphite {ses Table VII).

Latasory No. 10 - Miscallanegus

In this group, the carbonized Mmsonite (Fo. 10-2), the non-porous ¢
graphite heated in molten silicon (No. 10-4), and the Refrax ma~
terials (No. 10-5 and 1.0-4) eroded. The cold pressed silicon car~
bide racrystallized in helium (No. 10-3) and the Durhy No. 1 rods
with no fres carbon (N¥o. 10-1) showed no appreciable erosion but
operated at_inorsasingly high cell voltage (see Table YIII),

Load Dloxide, Includins Massive Plates

1.

In 1951 lsad dioxlde plating was attempied from the following
bethss lead nitrate, lead nitrate and aluminum nitrate, lead
acetate, and alkaline lead iartrate. No satisfactory adherent
deposit of lead dioxide could be made on sisel from & lead ni-
trate bath. Several baths based on lead acetate proved unsatig.
factory for plating on steel, Monel, nickel or tantalum sheet.
Addltion of gelatline to the plating haths did not seem beneificilal
at the low current densitiss used. An alkaline lemd tarirats
plating bath was developed to give adherent deposits of lead
dloxids on the above base metals. A few scraening tests of lead
dioxide plated slectrodes ware carried out in a small heaker
chlorate-perchlorats cell without conclusive rassultss

In 1952 it wae shown that snodes of slectrodsposited lead dioxidas
on bass materials such as Monel, nlckel and stesl, which ars them-
sslves sasily eroded in the chlorate-psrchlorate csll, are not
practical, since ths base material is rapidly disintegrated as
goon &b the continulty of ths lead dioxids is broken, even at »
pinpoint. Brief attempts to prepare a pure alecirodeposiiad lead
dioxlds anode by depositing a heavy coat of lead dloxide on copper
and steal and then dissolving away the base metal with nitrie
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and hydroshiorle agids wemcbiww were mn-m, m to
simulianacus abiuok on Yha lead dioxide,

Several baths ware dmlopnd, Lor yhting 166l Moxiu onm %m«
talus hase, Normally, tantalun immsdistely polarixes uaodiull: -
ia mont eleatrolyhes, inoluding thut of the chlorate-perchlorate:
wall, 'he batha from which the higlest quality lead Aioxide
deposisa on tunkalum could be ohiained were an allaline lesd

saihrate (), 1sad nlteabe (P1302) and leed pevchlorate ($1¥-1),

The life of lead dioxids plated tausalum anoier in the chlorates
perchlerate oell yaried widsly and erratically. In west gmues,
ihe anodas failed due %o the lead dioxids fulling loess rather -
than smocthly eroding. The meximum chlerate-perchlerate oell
1ife of these lesd dioxide coatings, vhich wm in thichon
from 0,002 to 0,008 mhm. wai uidxt hrlo ,

Lesd dicxide was rz;:.ny plated on Darhy $2 base. (m Section I-ha
1) and on a syaihedis magnetite Base. A preliminary testing

of these plated anodes in the ehlorate-perchlerats esll gave sufs |

ficient promise 4o0.warrant furiher ltu]ds Depesition of lesd
dioxide on Durhy #1 dase (Seetion I-A- mu not b satisfus
accomplished.

A mﬂz. adherent elecivodeposit of lead dioxids on east sniccn
was ssily obiained, and the slectrole oparaied smoothly in le
chlarate-perohlarate cell unsil $tha silicon shatiered as the coms:
tiruity of $he thin lead dloxide deposii was Wrokan,

rhttnwita. 2 rare, naturally caowrring massive lead amm.
operated moathly as ansde in ikie chlorate-perchlerate .oell at a
low voliags withont shattering and with very littls erosiom.

Yark Rone 2n 1953

Continued plating and testing of relatively thin lssd dlexide
contings (sbout 0.0l inch maximum Lhickuass), on'tantalum pro-
duced the same erratic resulis au noted in 1952, Oné eleefrols
ran for 12.2 days in 5 ohlarate-perchlorate sellat a owrent
denuity of 0.1 mmp./om.%y with an affisiency of U89 paresnts
A mmber of other electrodss plated in the sams menner opmtod.
for a3 short 2 time as & few hours defors fallwrs by tantalum- -
polarisation and a h.'u&:ing apart of the lesd dtexide cuthg. .

a. Rlsking Naxeive Jand Riaxide S

In visw of the promising results obtainsd in a prolinw;r
tost of a naturslly cocwrring massive lesd dioxide as ancde
in the chlorate-perchiorate cell, effort was concinirated wa
slectroplating lead dioxide in massive forms ox warious baie
metals, "Mabls IX shows in detall the plating comditions fer
these mssive slsoirodes Including types of Dams watarials
and thicknasssx and wvelghts ofdeponita. First efforss were
dirested toward plating the lead dioxide on only one side of
a flat dase metal ¥y blanking eff the odges and bask vith an
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inert material such as Plexiglas. It was hoped to sivip away
the base motal dbacking to produce a pure massive lead dioxide |
anods. After plating elsctrodes 1914 to D (Pabls IX), the de-
position of lead dioxide on only one sids of a baus metal was
abandonad due to the brittleness of the lead dloxids and the
fallure of the blanking jig: the lend dloxide grew in large
nodvles along the base metal edge avound the sides of the jig
and also through sealed jiz Joinis,

Haovy clectrodeposits of lead dioxide were readily made on {ane
talun rod without any nodular growth or treeing in the LN-2 bath .
at current densities of 20-30 amps./f’c.2 and a temperatura of 70°C.
Masslve lead dioxide deposits were alszo made on flat rectangular
sections of Monel screen and tantalum sheet, geuze and screen.
In these cases thers was some noedular growth at the edges which
could be cut away on a diamond~edged circular saw or ground down
on an atrasive wheel., Tantalum screen of sufficient walght to
ropalin rigid and flat in the plating bath is now considered the
most satisfactory lead dioxide plating base because of its inert.
ness in the chlorate-perchlorate cell and the interlocking afforded
to the lead dloxide through the screen holes,

During the plating operations it was found that the addition of
T 05 ge/1ls Of copper nitrate, Ou (N¥05)2°3Ea0, to the IN-2 bath
TS was sufficient to prevent plating of lead on the graphite cathodss.
‘ The additlon of 0.5 to 0475 gefle of gelatin to the LN=-2 bath had
~, - a pronounced effect in raducing the graininess of the lead dioxide.
However, the massive deposit had a much lower fracturing strength
as compared to that plated from a gelatin-free bath. XExtended ex
perience has confirmed the observation that the efficlency of
lead dlioxide plating from any of several baths is practically
100 percent with a frashly prepared or rsplenished bath. Iitharge,
PbO, has besen ussd to replenish the LN-2 plating baths after each
plating, To date, no attempt has been made to maintain the inle
tial pH (3.5-0) of the lead nifrats bath dwring plating, so that
— the pH dropped to 0.5 or lowsr, and some nitric aclid was los} from
- the hot bath by fuming, Thus, in replenishing the removed Pbls
with an equivalsnt amount of FbO it was necessary to add some
nitric acid to dissolve all of the FbO. The composition of the
IN.2 bath is given in Table X. When plating on a flat base, at
constant current, the ares and thus ths current density did not
change appreclably. However, when plating on tantalum rod, it
was necessary to increase the current in finite steps to amaline
't‘ tain approximstely constant current density.
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. , X-ray diffraction and spectrographic analyses were made of portions
% of saveral of the masslve lead dioxide deposits, and the resulis
i

e BT i et g KRR

ars detaliled in Table XI. In all cases the dsposit was identified
: as Pb02, with lead as the only major spactrographie conmtlbaent,
The minor constituents wers not espscially slgmificant, bub it was §
noted that nickel appesrsd when the dsposit was madae on Monel screen}:
or on tantalum rod with a nickel wire collad about the uppar end. i
Also, copper appeared when the plating bath coniained 0.5 g./l-.
or more of copper nitrate (see Section I.-B.-3),
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Hans - Acid Lead Nitrats
Formila - L¥=2
Lead Nitrate Concentration - 350 grams per liter pH - 3.7

Prapar’ion:

269 mls, of 69.9% nitric acid (266.5 gms. HNO3)
1000 nln. distillel water
lyp2 gris, lead oxids, PO

,)?‘
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Add the lead oxide slowly to the diluted nitric acid with
stirring, Dilute to 2 1liters, and hea% to 75°C. with stirring.
Allow to cool and let stand for twelve hours. Filter through
sintered glass.
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LM! DIH‘RLO!EIC&T AND SPECTROGRAFHIC ANALYSES OF

MASSIVE LEAD DICKIDE DEPOSITS

Plate | LoN.3. 8D Spectrograghis dnalysis
Yoo Reference Analynis Xajor Kinor
1910 | 136539497 102 Py A1, Kg, Cu, Yo
193 | 13673102 Ph0s b Mn, On, Mg

19k |13672211,2 2102 b KL, Ou, Mg, On
197 | 1367213941 Ph0p Py Oa, Gu, i, Al,
198 [136%:175 ¥a0a b 11 i

199 13652175 Ph02 b Al, ;f' Yo, M,
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 was contimued to reduce the chlarate gontent Telow 100 £./L

. Adexide snodes was mush lams than those previously opsrated

CONFIDENTIAL

A muiier of chengen ware made in the :p:réczaanre Lor vt‘énﬁn&-
the above nassive lesd dioxide anodes in the ghleratew-per-

chlorate doll &« compardd to that follewed with thin elesirs.
Geposite of lead dlewdAke in 1552, The oolls were cdaled by
parisl immersion ddrestly into s refrigerated Yuith inviead:

of elyaulating coolsnt through sesll avrea coils, lwmersed in -
the osils. O6l) currents wers maintained constant ax befors .
by means of elsgironic controllars. Class was cubstitubed

for stainiess skee) akirring rods en the motor stirrers he-
cavie of poor elestrionl shielding from the mator. It was
feund unneseasary o provide any surfase pratection for the
wagsiva lead dioxids anodes sush as a Silicone grease coatings
er Tyzon sleeves at the liquid-air interface, which had boon -
uag.tto proleng the aell Life of thin lead dioxide electrode-
PORLLR .

Table XXX 1ists the cwrrent efficiencies obiained with massive
Joad dioxide anodes i ¥he chlorate-psrchlorate cell, The
olectrolysis was garried out batehwise at 3 to 10 amperes in .
oells containing 1.0 %o 1.2 Liters of & 600 %o 630 go/le sodium
shlorate soluticn. The desres of conversion of chlorate to per~ {
chlorate was checked at 2% to 48 hour intervals by volumeiric
analysis of a small aliquet for oxidizing power by the dromide-
10331de-thiosulZate method. In most cases, the elecirolysis

The product solution was then removed, the cell replenished
with fresh sodium shlovste solntion, and the fasting of tha
lead dioxide anode in chlorate-perchlorate eleckrolysis cone
tirued. All olectrodss except #201 were initially operated
several timee at an anode cuxvent density of 0.1 amp./cw?, ak
which valus the average current efficiency in the sodimm
chlorate soncentration rangs of 600 %o 100 g«/i. vas approxi.
mately 50 percents Thers was .a small. inorease in cwrrept offiw
clengy with suscessive baich slecivolyses at 0.1 am./oa% Yha
the anode ant density of eleatrode #195 was inoresassd %o
0.2 sup./on®, the ouwrrent efficiency in the sane chlorate son-
oentration rangs rose to from 65 to 70 percent. ilso, there
was a noticeabls inereass in cwrent efficiency in the early
stages of sleciroiysin of successive tatches.

ALl 6olls wers operated in the acid rangs by the mermal addition §

of 0,5X perchloris acid when necessary. It was soon found thet
the acid requirement of aells ¢perating with wassive lead

with anodes having & thin (sbout 0.0L inch or lems) deposit of
lead dioxide. As mewn in Table XII, spproximately 20 mis, of
0.5 pershloric zold addition was necsisary per datch aléctrow
Tysis at 0.1, amp,/on®, Tub &t 0.2 supe/om? no acid addition
was necessary, and the cells automatically adjusied themselves
to a P of 1.5-2, Incases where the.cell pE was high the csuse
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CONFIDENTIAL

| " CONFIDENTIAL |1
yas Zomd to be failuie of the stlreing apparetus.. 0n -
:;;;‘::“N shisring, the pH drepped to 1.5 vithia bem . T f

The sppaerance of the lead dioxide anodew afd tesking 450 [
the chlaate-perchiorats ¢ells ad Q.1 axp,/on® was essentially - |
. Bhers wag no Looalised sr sericus erosion-or cracking | -

of the lead dioxids deposit. |

In g esteral, the peaks of the wwfase load &iexide srystals. —
lost their metallic lusier, and unisr the microscops m smookl- .
ing of the points wes apparent, When §ha unode ewyrent desdity -
vas ineressed to 0,2 amp,/dn2, ihe lead dloxide murface inie
$1a1ly turned to an erange~brown color from its normel dark =
&ay. This hrown polorajion gradually disappeared, and fhare
was otherwiss no attmok on the anods, The slsotrolyte in all
oanes rauaingd cleer and eolorless. Weight losses of lead
diexide snodes on elecirelysis in the chlarate-perchlaorate

oell for periocda up 50 9 days on & contlmusus basis were gl
givle, The changes in welghi were goneralily within the experi~
menkal seror in welghing, considsring the passidility of small

welzht shanges cxmsed by eleoirolyte er wash water held within - i}
the pores of $he lesd dioxide, -As meen In Zable XIII, the Yade i
gont laad diexids anode welght less was equivnleiit to & less R
of 51 arsmy for ehch ton of zodium perehlerais produced &% '

50 perosnt cwrrenk officlensy. ‘ ‘ :

In viow of tha consern expreased over possible lesd contamine~
‘$3on of perchlorats from & oell using a lead dicxide anode, -

& speotrographic study was mads of ihe product-electrolybe.
A specivoxram of evaporaied elestrolyde from a ohlorate=piite
chlowats cell after 28 hours operation ab 5.8 smperes witha 3
lead Aloxide £illed sterage battery plate showsd no ovidence {4
of 1eai, although there was considerable erosion of lead fram -

{he plate. Specirograms of cathods mous and ingoluble eell™ - - *
11quer precipitate, evtained after cpsrating oell #1941 - ..
(soe Tatles IX sad XII) for five days ai 5 amperes with an
sleotrodeposited massive lead dloxide anode, shoved lead as

s minor gonstituant. The syaporated elecirolyte from the same 3
oell Tevesled no spectrographic trace of lesd, Tms, the svedsd
Tead from the anods eithsr piated out on the cathode or formed - 7
an insoluble compoumds ‘ ' R B |

Dus to the relmtively high contack resistance of lead dfoxids,
espacially to tankalwm, which mow appears %o be most favarakle
for was as & lead dioxide plaiing bae, the contrivieg ofw -
worimble,non-heating lend dlexide cwrrent contact hus takin
a goneldersble part of the vesearch efferi, fTables XIV ank

IV 1ist the wrious mekheds usad %o bring current inte the
saniive Lead dioxide slvaivedas. The wuie. of metal presauxe,
piatsn and clamps against the oubside swrfaoe of the lesd
dloxide proved inadequate in preventing heating in the santeet
ares with even moderaie surrents. Ossting of a low meliing

o
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‘was somswhat bulky and 1% was necessary ¥o protest the

. than with & tantalum base anodss
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an( sush an Yoodts Netad H-P‘ 000,) avemd f’“w
wrapped with sopper or ninkel wird to serys as su'rent lexds
proved more satisfaskory, This Yyps of contugy, hovever,

of tia metal gasting from immersion or meay confast with U -
srlarmte-peralerats osll elsairolyie to provent serious sers |
rosist, ‘ D

e moxt sabiefestory ourrent contast develeped %o dat wonitsts’ |

o2 maanive lead dioxids plated over a ass assembly compesed. |
of nlakel wire tightly wound arownd er othatvise ajteohed to.

the wpper end of $antalum rod, plate or sereexts The paréiem -
of the mlecirods gemtaining the embedded nickel wirs remsinad . -
above the slastrolyts level in ¥he chlersfs-perchlaraie gell.
On the Zinished elsctrods, 43w fres ends of the nickel wive.
served to oarry the urrent into the Jead dlexide, ZThus, the. -
tankalum served only as a suppariing bass and qurrent carries
during plating, sinoe 4% graduslly haated wp vhenr asarryimg
sven modarate aurrents in the ehlersis-perchlorate 6élls -

When massive lead dioxide was plated ovsr Nonel saresn (Plabe -
Fio%, Seble IX), the Monel merved adogquaiely %o oarry the mar-
rent into the lead dicxide during eperatish in ¥he chlevate-
perchiarsie 00ll, However, when ¥hs elasirods was hrekex

opon aftsr 11 dsys! operation at 5 amperes, 1% was found ihat
she Yonsl seresn savs hed gompletely eroded sway Belev ihe.
eleairolyte level, leaving velds in 4he lead dioxide, O
spectrogeaphis analynis of the precipitate from the aboye
eell lieuers, nickel was found 50 Ye a major constitment aad
oopper & minor constituent. The current efficliency was lewes :

Lead storage ‘bdtfor:r £ids wers hl’cg'd. an anodes in the shlorate- | :
sleotrode oomsisted of an ancidivsd lemd 31

perchlorate cell. The K ; ;
dattery shest, that is, coxpacted lead dioxide in a Yead zrif .

which was ohtained as » sample from Xleciris Storaits Batery Qo., 1)

Philsdelphin. In oparation, the anods pection above ths eless

trolyte level hested &0 abous 80%C, for the Ziret two to dues |

hours and thex ran sool, The aleckrolyts was light hrown afer
2% howrs, The anods f£ailed at 30 howrs dwe $o0 agepleis erosion
af the supporting lead grid at ths solublon-alr Inferfwde,
and the leed grid throughodt the Lumersed portion of ihé ansde
v;;l mmly arcded. A cwrrent afficlency of 39 pevosst was
) T : : J

I . [N e e e .
PUTATEC b ROICO g e D R NPy, ey JOA N Ay P S0E SO s iooy sy L —

-x—:g!‘fx;wr aaciiavo o 1

e iy it
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In ax atbeupt ¥6 produos a luad dlexide coating Yy mesns othar
than normal slesivoplating, lead tubing was ancdized fo form - o
lesd dloxide £1lne The lewd Yoo was Sipst degrenwed In 5 per-

nenh wodlwe hydraxide wolukion, plexled in 15 w;at ;;mg.\y RN

aoid, and then sugcessively anociized at. 25 amps./f98 and 25%)
in & 30 £o/1. sedfim cyanide solublon fer 6 mimies, and s -




- — - o e 1 Cod? ) - "y . N v whRhs Al Y oy
e e e Ve = I I WL D Lt A T e o date v o1~ i AN 4. Ly o2, b+ L Y T ;
: e ‘ e b APRNR Ok P s e i i ORIy o A G e, o ST
Y ' choriala T o RE £1% €PN, Sy .d'g' * &
" WA

. ! ; w
P o 3 4 e RO i e
s s bt =k SR MR A A F i mnaieattigc o L A vy DEEAE & - ; .

CONSIDENTIALE

v520/1s sodium carhonate molution for one hour, A white comte’
ing with brown spots was formed in tha cyanide bath, This was
converted to a velvety hrown coating in the carbonate hath. On
testing in the chlorate-porchlorate cell at 0.1 amp/om? more e
than half of the coating came loose and was dispersed 1n the cell g%
within five minutes. The lead tube was rapidly attacked, and :
fuzzy lead was plated on the cathoda. The slsctrolyte turned
nilky, and its pH rose from 3.3 to 10. The same resultis were
obtained with an initlally alkaline elecstrolyte.

3. ¥ o of Lead Dio ;

a. Zlectrical Conductivity of Laad Dioxide

Upton B. Thomas of the Bell Telephone Laboratories (2) measured
the electrical conductivity of dense samples of lead dioxide
prepvared by the slectrolysis of lead verchlorate and lead sule
famate. The specirfic resistance of these dense samplex was ]
of the order of 200 x 10~° obmecm. The specific resistance of  §
porqus samples praparad from storage battery oxides was 7400 x
10~ ; and porous ssmples prepared from pressed powder was 14,200 x §
10™° ohm-om.(ses Tabla XVI). ’

Themas made slectrical contacts to the lead dioxlds sample by
ons of thrse ways:

(1) copper wires were cemented to the PbO; with conducting
cament

(2) thin strips of silver foil were presssd dirsctly against
the spscimens or

(3) aguinst areas on iits surfmce, onto which a thin layer of
gold has bheesn syaporated.

550 v oy e TR AT TG I M AV R PRt TeD0 e 4 T DI AR WA H g S A R BT T S it

V. H, Palmaor (3) memsured the elsctrical properties of lead
dioxide nade by electrolysis of a dilute lead nitrate solution,
Ho found the specific resistance of lead dioxide fo be 92 x 10~6
to 97 x 10~° ohmwcm. with a positive temperature coefficient of
0406 porcent per degres in the rangs of 22-84eC,

At Permssglt, the specifie resistance of a massive plsce of lead
dioxide (5.7 ome X 2.5 cme x 0,7 om.) plated from an acid lead
nitrate bath was moasured. The original nodular plate was cut
with o diamond gsaw to obialin smooth surfaces. Elecirical con-
tact was mads at the ends of the dense lead dioxides by first
wrapping on copper foll and then tightly wrapping thin coppar
wire over the foll. This was pressed firmly against the lead
dioxide by serew-ityps hoss clamps., Current was passsd through
the lead dioxids (4 and 8.6 amperes) and the voltage dvop across
& 2.5% om. longth of lead dioxide was measured by preasing
probss leading from a Rubicon potentliomater firmly against ths
lead dioxide. Tho copper-lead dioxide contacis wers not satize
factory, as evlidenasd by the fact that the whola assemdly hecame
hot., The spacific vesletivity according to these measurements
was from 40 to 50 x 10~6 ohmmcm, -

. a ! . . 2 -
T -6
. . . ! . . .
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TABLE XTI,

SPECIFIC RESISTANCE AT ROOM TEMPERATURE OF VARIOUS SAMPLES
OF LEAD DIOXIDE COMPARED WITH OTHER MATERIALS

v
J&k
I
]
i
i .
o i
r"‘
I IS
| s
T
[
1
|
"
g
»
X
£
3

Specific
Demaription of Sample ' Resistance
Chttome x 106
Porous | Dense
Storage battery positive active material, ,
168 porosity (2) 7,400
Pressad povder, 32% porosity (2) 1%, 200 ,
Electrolyzed from lead perchlorate (2) o to 405
Elactrolyzed from lead sulfamate (2) 1,200 :.
Electrolyzed from dilute lead nitrate solution (3) 92 to 97 o
Electrolyzed fromacid lead nitrate dath £l
(Formula LNR) at Pennsalt (4) 'lm to 50 £l
Qiher Materials |
Graphite 800 i
Merouwry 96 Y1
Blomuth 115 1
Platinum 10.5 i
Copper 1.69
Silver 1.62
| N
R EIAYS ~lp o
| .
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Thue lead dloxids hms charactoristics which more nearly
spproach thome of metnls than thoge of memiwgonductors, Its
condustivity is much higher than that of most semi-dondustors,
and dagroases with tempsrature. Deyse lead dioxide ip mors
sonduating than graphite (800 x 100 ohm.~-cm.) and ita specifis
resistangs im about equal to that of thé poorly condusting me-
tals such as mercury and bdismuth.

b Smacific Graviiy

V. H, Palmasr (3) measured the specific gravity of lead dioxide H
electrolysed fvom dilute lead nitrate solution. Its specific
gravity at 20°C. waz 9,34.

L

S

In the present stuldy a massive pisce of lead dioxide slectro-
lysed from the a cid lead nitrate bath (Formmla ILX-2) had a
specific gravity of 9.32 at 24egC,

¢. Harinags

W. 2. Palmaer (3) found that the hariness of elestroplated
lead dicxide was betwesn 5 and 6 on the Moh ssale,

In ths present stuly, the maasive lead dlexide plates have been
haxd, (not measured) sausing diffioulty in machining off nodules
formed on thick plates, Such samples given to Garbvorundus
Jompany ware found by them to machine easily in the following
manner (5): ‘

(1) grinding with Carborundum Brand - A 36-06-V30 vhool,
8% diameter x 1" wide, and

(2) tmtting with & metal bondad dlamond whesl - Ne. 18008,
8% dlameter x 0.045" wide (60 zri%, 25 conosntration).

An spparently sustained effort on tha preparation of lead dioxide
slectrodes and their application to varloux elsctrolytic oxidation
procesaes including the production of sodium perghlorate has besn |
carried on by various Japenese investigators at the Tokyo Inwtitute §
of Technelogy for the past 20 ysars. IEnglish ¥ranslations of three § 7|
papers and a Japanese patent on thiz work have recently heen re- f
0.170&0

The first paper by Xato and Xoizumi (8) was published in 1934 amd
iz titled MA ¥sw Progess for the Freparation of Lead Peroxide
Anodex®. 4 30 percent solution of lead nitrate containing a |
hydrophil such as gelatlin was ussd for s lead dloxide plating bath, |
and 1t was recommended that the bath ha operated at 80°O. and an |
anode cwrrent density of 100 amps./dm.2, (9290 awps./#%.2), Mhe

lead dioxide which was dspouivad on sraphite snd nickal waz wald
$o be very fine with no pores and was made in £iat plates up %o :
20 by 15 oms. In & diatiinnion of oxygen ovarvolisge, it was s’uhd ‘
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that 4he yalue for lead dloxide was somewhad. hwm' thm ﬁiat’hu
and {hue it oould he used as ancde in the eslestrolysis of wodiwk
chlarate to perchlerais., A 50 pyrseat sédiun chierate solnblon

eontaining 5 pergent sodium diohvomate was ussd ae electrolyte, - _f
The hath tmporgwm wos malntnined af 500, and ‘the. ourrent Qendidty

&t 12 m‘o dﬂo 111 m,.ltﬁ.z)‘ vnder which Mﬁ’-m‘ i 0al)
voltaze was 4.9, A eurrent offieciwnsy of 58 perosnt was attsined

with the lsad dioxide mreds e comparsd o 8) peroent with plati~

gus at the game owrrent density. mmvw e
of the platinum was increased to ids nnml. value of 30 amps:/dm.*
the same amount of parchlorate was prodused in beth oases.dy equal
anounis of power,

Xato and eo-workars (72 pumsma R :m 1%1 tmoc 'm
line of Seami-industrial Ressaxrch for ihe Jlssivelytie ?ﬂmx‘ltm
of Sodium Parghlerate with Xew Metal«liks Lead Pavexide Anudes®. .
They roported the axygen overvoliage of lead digxids %o b 0.15
volis lower than that of polished platimue in 1-X XOH at 307G, 2.
and & ourrent density of 10.20 amps./dm.2 (92:9+185.8 dups./L4:2).
Thelr plating bath oomposition and operating conditions were yery
similar to thowe &ncribo{l abovs, mq:t ] § a lowsr #torveny
denwity, 15-20 aups./dn,2 (139-186 swpss/f1.~), was used, ¥he .

cathode was graphite or a rolaking copper rod, and, the lead dioxide |
wes pisted %o a thickmass of 7 mm. on the insids of & niakel oyline §

dar. This pisted cylinder with 3he provision of a suiishle botiom

than sevyad as the chlsvate-perchlorate cell contziner. On eleoa- §

trodysis of a 40 mmnt sodium shlorat i noluiion at an anode surr
dansity of 17 ampse/dme® (158 ampu./f.4), and = gell mﬁwo
of 26%C0., a ourrent sffigiensy of wocnt vas obtained with an
86 peraent conversion of ochlexate td perchlerate, A sudden drop
in cwrrent efficlency at 85 peroent conversion was explained sx -
Baing caused by the redustion of perchlerate at the gaihode. s
owrrent efficiency was inereaned to 57 peroent with the reaction
carried 4o 99 peraent completicn whan a mwall piece of plakimm

1~2% of aves of PH02) wax placed in ¥he cell comnected in parailal {:

with the lead diexide., Tha increapsd current efficiency was atd-

frituted %o deponition of diswolyed platinim o= the sathode, $hereby§:|

lowering the hydrogen overvoliage of tha cathods snd povmtm;
cathodlic redugtien of parchleraie.

Direst slecirolytie :weiwﬁipn ‘of sodiwm porcw,mta from sodium

ohloxdde in & single slectrolysis was aluo carried out, using the

zfgovo ‘.!.w: dloxide anods with an overall ewrent. qfﬂoi@g of
PRGN

During exiendsd aiocmmu with the anede =m5.=ti=g of ‘.Lm!.
dioxide on nickel, the nickel bawe was oxidixed, omusing sontast
Touistange betwsen the lead dioxids and nigkel $0 Increans, and
thus the yoltage for elecirolywis $o riss. In addition, the
electrolyte wseped through pinholes in the land dioxidw and dim.
sulved the nickel base, ocausing sleatrods fallvre. I%. was Lound

yousibls to saparate {he lead dloxids from 4he nickel hase by soole

ing, and obtain a long lived slestrods, iaking sdvantage of the
Zeeater coefficient of tharmal expansion of lead diaxide. Xleo-

“#9-
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—~ (186 amps./ft.2) and 3006,, a current efficlency of ¥1% was obtained

A

irical comnection was mads at the {op end of this alactxrodﬁ to a
part of the nickel base that had not been removed, :

Sugino (8) published an absiract in 1950 of twelve previously .
published papers on "Preparation, Properties, and Application of
the Lesd Peroxids Electrode Manufactursd by a New Method", His
lead dioxide plating bath composition and operating conditions
ware vory eimilar to those described in ths ahove two papers.

A lowsr ancde current density of 6.96 amps./dm.2 (66 amps,/f%.2)
was used, no hydrophil addition agent was added to the plating
kath, and the lead dioxids could be plated on the inner surface
of an Miron" sylinder by using a neutral lead niirate solution.
During electrolysis, the pE and concentration of lead ion were
maintained constant by sontinuwously circulating the eleciralyte
through an external train system consisting of a holding tank,

a noutralizing tank in which Pb(0H)> was kept in suspension by
azitation, a £iltering hed, and a reheating tank from which the
replonished and nsutralized elactrolyts was returaned to the csll.
The "iron" oylinder was cut away from the inner elestrodeposited
lead dioxide cylinder, and the lead dioxide was then cut length-
wiss into sixteen rectanzular strips 300 mm. x 45 mm. x 8~10 mm,
thick, Current contast was made to the lead dloxide by first
wrapping silver foll around the upper end, and then tlghtly oclamp-
ing an aluminum or brass sirip over the ailver, tha anode lead
then being fastonad to this clamp,.

In an altexnate method, the lead dloxide was deposlted from
neutral lead nitrate at 27-319C. on the outer swrface of a rotating
rod which was covered with a paraffin-grephite mixzbure, A hollow
eylinder of iaad dioxide was then obtained by melting the paraffin |
and sliding out the rod. The plating bath for this use was modi-

fiod by the addition of 10-30 g./1. ou(N03)p and 60-80 go/l. NallOk. §

- CONFEGEMTIAL |

The lead dioxide anode was raported to be a good conductor, carry-
ing sbove 20 amps./dm.% (186 amps./ft.2), and almost perfactly
insolubla. On slectrolysis of sodium ehlorate solution using this
lead dioxide mnode and 18-8 stainless stesl cathode at 20 amps./dm?

on 8 99,9 percent conversion of chlorate to perchlorate. The addi-

tion of 2 g./1l. of sodium fluocride was found to inerease the currenty

efficiency to 82 percent over the same concentration range.
elactrolytic production of sodium perchlorate from sodium chloride
wag similarly carried out, except that during the Initial stage of
electrolysis from O™ o 0l04~ the cell t emperaturs was maintained
at 606590, and & small smount of hydroghloric acid wasalded from
tims to time to maintain the elostrolyts slightly acidic. When

the chlorate formation was almost complete, 2 g¢/L. sodium fluoride

was added to inoreass the chlorate to perchlorates current sfficlencyy
An overall ocurrent efficiency of about 60 parcent was obiained.

This method for dirsct slsetrolytic production of sodium perchlerate R

is coveral by Sugino in & Jopanese patent (9) iaawed in 1948, Po- §
tassiun chlorate was elacirolytically formed from potassium chlorideg
at a current afficlency of 8l percent,

w 50 -
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The oxygen overvoliage of the lesd dioxide ancds was msasured
In 1¥ sulfuric acid st 3000, at various current densities and :
compared with that of smooth platimm, The valuss for lead dioxide
vers Tound to be somavhat :mea %

0.16 volts lower at 1 smp./dm.® (9,3 smps./f.2), On addition of
yarious amounts of hydwoflueric scid, it was found that the over-
voltaga of lend dioxide incressed with the logarithm of thé con~
gentration of hydrofluoric asld. .

a. Summary of Previous Work Doge Und XR ]

Tantalum carbida containing 176 platinum by weight abtained
from the Carboloy Dspartment of General Blesctrlic Company gave
favorable results with repeated . tests. Anode loss rates
yaried from 1 x 105 to 20 x 10~5 grams per ampsre hour, and
current afficlencies as shown by electrolyte analysis have been
as high as 70%.

Plattnarite, a rare, naturally occurring massive lead dioxide,
operated smoothly as aneds in the chlorate-perchlorate coll at
a low voltags without shattering and with very slight erosion.

Magnetite anodes showed slight erosion but produced sodium
perchlorate at a current efficiency of only about & to 5%.

as an anode material,

; fron Ward!s Natural Science Establishment
Yehavad well in screening tests conducted In i95i. Ko further
work has basn dons on this matsrial since that time.

All other materiamls which are listed in detail In the reports
. for 1951 and 1952 proved to bes unsatisfactory.

b, ¥ork Done in 1953

Samples of hanring materdsls (earbon impregznated with various 5

metala) from the Oarbone Corporation, Boonton, N.J. ware tested

in the chlorate-perchlorate cell. These samples were RSS Copper, il |

RS Oopper, RSS Babbitt, RS Babbltt and RS Silver, with the RSS

materisl b oing somewhat havder and stronger than the RS material. §i -

The speclfic resistance of these compositions was of the aame
order of magnitude as that of graphite, but when tssted as anodes
all eroded rapidly with the RS Silver composition showing the
least, dbut still appreciable, attack (see Table XVII), _

w 851 o
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han for platinum, Lor example,

psrformed entirsly satisfactorily %:\
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Sevaral thomasnd zinerals in $he Universiiy of Pennsylvenists
sollsation were sested for elestviesl somduskivity: ¥he meas
surenenty vare xade by firaly pressing.point aledtrades on x
clean porglon ef tha mineral and messaring the voliage drep
sazcod by o kaewn fléw of gurrent, Deosise of the ahspek of

the minoral specimens the specific sondughance oonld not be
galoulnied from the measuremaniu mads, ' However, the resuliing
readings wure compared to similar readings made on welleknown
matarialy of varying degress of gondustivity, The vresults were
erouped into the following oatsgoriess those minerals vhome
condustivity was similsr to thai of graphite were raied us |
axgollsnt, thome similar 0 cavbon wers rated good, ihose similar
to pyralusite were rated poows, vhile thome mush helow this werse
ratsd vory poor, and those shoving no passaxe of ourrent wers .
clngsed ar non.dondugtors. I was observed that the condnetividy
varied grastly in diffevent speolmana of the same minersal upeciend
The resulis are listed in Zable XVIII, The raturally ocowrring
metals anl metal alloys which are Jmown te de good condustors
are not linted in thix tadle, : '

In arder to yound cut our survey of wiaful amberials for anoden i
in the perchlerate csll, the following minerals wers selecied ;
from Table XVIIX ax being most promising: Hemmiite, oasniterise, §
peilomelans, pyrolusike, xinsite, and ehromite. These xinerals |
will be tested by the standard soreening tests vhen ehavacheris-
tic samples ars on hand,

A ssaple of glligon ferrite from Herizons, Ins. eroded rapidly
when tested as an anode in the chlovate-pershlerate gell, s |
d1d a sample of lxparvious grachiie from Falls Indusiries, Selom, |
Ohlo, FHowever, a sampls labelled pyrolusite (MnOz + 2% Hod) *
cbiained from the Pennsylyanis State College showed very litile
eresion. This sample later proved to be. MaRRLLA (Mn204°K20)
W X-ray snalynis. o ‘

fa (Rhowbshedral, Colombo Mines, Yslamd of Qaylon) ]

A nlokel-forriin boule from the Linde Alr Produsts Company;
which was previously reporisd as a poor gondustor (page 25,
Sacond. Quarterly Ressaxch Repors for 1952), wie foumd o have
A noneoondusbive outer lnysr. Afésr geInding this-ouker Iaywr
off, tha Innar layers were found to be sonductivs anough to
e janted as an anpds in the chlaraje-parchlorath cell, 'Theiw
vis no apprecliable eronion, hut donversion of chlorate to per-
ohlorate. vas vary ‘Low,

A 2 cavat gold xod wan aitasied as svidanoed Ty » waight losw, |
khe formatlon of an ovange precipiiate in the electrelyte and i
aleo the formailon of a rust-colored £{lm on that pertion of ¥he |
£014 T0d immersed in tha eléetrolyte. - , ‘
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MABLE XVILL
ELEOTRICAL CONDUCTIVITY RATING OF SOMB MINERALS®*
Oonductivity rating: Nonconductor -; vexry poor conductor +; poor conductor ++;
good conductor +++; excellent conductor i+,
Minersl Compogition Conductivity Rating
Stibtnite . Sh2S3 - 4 |
Bismuthinite Bis e i
Kexrmesite $b2S20 bt B4
Pyrite TSy N 1
Cobaltite CoAsS T+ i
Gersdoxrfflte NiAs$S b g
Ullmannite Nisvs et )
Loallingite FeAso oot e
Safflorite (Co,Fe)inn e -
Rammelgberglite NiAsp At HE
Marcasite FuSy A i
Arasnopyrite FeAsS et 5]
Glameodot e . (Co,Fe)AnS +h | 5
Nolybdenite MoS 4k Bl
Krennerite AuTep ke 53
Sylvanite AgAuTes o i
Skubterudlte (Go‘Ti)AsB s e
Smeltite Bismubhian (GoNi)AsB_r A= s
Chloanthite (NiGo)AS}.x NS ESE
Pyrarcyrite Sbs et BN
Proustite .A.ssg e X2
Xanthoconite A.j ++ i
Wittichenite San 2]
Tetrahadrite (Gu.?’ 2 Sby$ig ++ 3
Pyrochroite _ . ¥n(OH .)L - “§
Manganite - pseudo Calcite Mnp03 + Hp0 . £ 1]
Psllomelans BaMnp-Mng0y ¢(0H)1 4 e Eod
Goethits Fap03 o H,0 - 313
Limonite Fep03 » 3520 - i
Magnetite - Isometric N.Y. Mn203 HoO N ¥
Casslierlte Sn0p + 1Y
Pyroluslte MnOp - 14
Rutile 1105 - .
Braunlte (Mn51) 203 - g1
Valentinite - Canada Sh07 s 8
Araenclite Anp03 -+ ; |
Ilmenite Fell03 -+ e
Hematite ~ Specular Fo203 + i w
wwwwwwwwwwwwwwwwwwwwwwwwwwww —— HE
¥The conductivity varied greatly in different specimens of the same mineral g1 -
speclex, i ; 4
[N . l 1 ‘, . L) 51& . %
L) Y ,5
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TADLY XVITI - Conk.
Hematite -~ Rhomhohedral Fapls 4
Michigan
Corundum Al203 -
Zinclite Zn0 +
Cuprite ~ lsometiric ]
Jamesonlte 2P§S *Shas3 -
Oosalite PboBloS b
Allcinite PbCuli -+
Bournonite PhouSh S
Ennyrgite 35, e
Famatinlte 0333.& i Al
Termantite (Cua, E\a)lzhusn +H
Franklinite ZnFe20) -
Chromite TeOra0y, +
Cerargyrite AgCl +
Tetradymite Bi oTe et
Yagyagite %’l‘e Sb) S et
Domeykite cu3As it
Jlgodonite Guﬁhs b
Dyscraslite i
Argentite Ag% i
Hesnslte Agole -+
Berzelianlite CupSe o
Petzite A53AuTeg fegels
Chalcoclte GuasS e
Stromeyerite CuleS +it
Bornlte Curg¥eS), San
Galens Pb it
Clausthrlite Pb~CuSe +b
Altaits PbTe et
Sphalerite — Ferriferous ZnS e
Metacimabar HesS et
Memannite HgSe erdelote
Chaleopyrite CuFelp inbbe
Stannite Cuz¥eSnS) it
Pyrrhotite — Fey.xS b
Niccolite Wihs det
Millerite Nis AN
Pentlandite (FeNi)),Sg b
Cubanibe CuFapSs +H
Covellite Cus et
Sternbergite AgﬁE‘egSg -
Ginnsbar -
Tetrahadrite ~ Mercurlan (6111'0) 28by813 et
Siegenite (QoX: 1%38)4, E Ra
Oarrollite CooCusy +
- B -
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The fanking of e abeak an anole n the mildly allalisie” > |}
olegtrolyte (pH # 8,5) in the ehlewats-pevchlerae dell Fae . - of b
‘walbed in rapid and wieven eiohing of fhe sllver aud the fexws-. . ||
tion of a dark gray wmes oyer 4he snode surfaces A high ratey ...

of aranion-aleo resuited vhem he wilyer was Zivet anodieslly " .|}
mlootzomod in 15§ sedium hyAroxide solntion #o form.a Blagk |

+ I}Z

Palishod plake glang samples wiih a condusiive £ilm on-Sxw side’ 15
fahrioated by Pihtsturgh Plate Glass Gompany falled eapldlys . L
They operated at low murent and high volisge with eifher the'- .}
conduative £l soming off as a qloud, iha plabe glass erssking . |: |
at the elecirolyte level, or the owrreat lead melting off Be- - 3i.1
cause of the hest gwmerated. . IV PR

24n axide Ylosks, alse furnished by Pittshurgh Plate Glas - -
Ocupany were more promising, showings fer Sempla A123, »light . |
ancumt of erosion mnd about 155 swrrent efficiency; Sample 392, . 1
oonkact diffisultlen were So greal that current effisiency souwld )iy
not be chtained; Sasple 33, no erosion and about 178 ewrrent
offiniency; and Sample Bi3, no appreciable erosion and aboud ..
50% current efficlency. JFurther samples of the Type BS3 shewld
be tanted (sae Tadle XX}, » SR

ARG VRN Sy w o TIDOT I VG XOR B Vi MR RS R 1 2T

les o2 goniuatine slases and rafeadiories from the Gerning - ||
Glags Horks sithsr sxcdsd or operatsd at a wyary high sell volt- |
agey (nee Toble XXI). : '

Saples of plabimum £raup pakals Ank Shair Allovi have sll been
raceived from Baker & Uo., and tests will siart whertly. .

A pressed and fired mixture of laad dlaxide and masnsilie was
rabrioated (*) for testing as anode material. These samples
wers hard and showed good oondustivity. When tested in the .
chlorate-perchlorate cell, they showed considerabtle ‘meghanical

disintagration.

R ) Additiona), samplos were mede by pressing lead dlexids aloxe o -
Yy 4 . with varying amounts of manganose dioxide or megnevive. ZJexples |
! wors made withont hinders and with 508 vetassiwm hydvoxide sed = K1
e sodivm silioate (B% Wmp0, 26% $10g) in the range ef 0,02 6 0.07 #
NS gram par gram of pevdared mixtiwre. Firing wax doxe at 300%0. in §|
o] oxygen or alr for pericds ranging from 3 to 18.5 howys. The more 3|

promising of these samples aw. siown by conducilivily Tesks and

mechanical disintegration kests in sodlum chlerate solutiem - .

(600g./3s) will be prepared in sizes wultable for eating as -

snodes in the chleratz-perchlorale ¢ell. ‘ .

(%) A powderad mixturs of 0P, lead dioxide powder (75 weight $) sud mimus
250 menh megnetite (25 welght %) with a binder of 0,045 parhs of 508 -
potannius hydroxide por paxt of Fh0a-¥eoll slxiure wan pressed at.

. 15,000 pounds per squave inch and then Pired in air for 6 hours at .
:.300°0,  The resuliing oylinder (21.9 mit. high x-28.,6 m, 0,D.) had &
density of about 5.6 grams per ca. ' :
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letiar, Rose, 0.G./Gall, 7.7, April 27, 1953 (Preparation of Samples)
Thewas, Upton, B., Trans. Electroghem, Soc, S, 42-49 (1948)

Palmser, W.H., 2. Electrochem, 29, 415-28 (1923)

Pennealt RNB 14003126 ‘

Lettar, Rose, C.0./Call, J.¥., April 27, 1953 (Hachining of Lead Dioxide)

Xato, Yokogoro and Koizumi, Katsunaga, J. Xlectrochsm. Assoc. (Japsn) 2,
309.312 (1934) (seme as Refarence 18 of 1952 report) »

¥ato, Yo, Sugino, K., Xoizumi, K. and Eitahava, Elsctrotech J. (Japan) 5,
L5438 (1941) (same as Reference 3 of 1953 repert)

Sugino, Fichiro, Bull. Chem. Soc. Japan, 23, 115-120 (1950
Sugino, Kichiro, Jap. Patent XNo. 173,460, August 16, 1946
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